Abstract: Proton magnetic resonance spectroscopy ( 1 H MRS) is an optional diagnostic method for potential epilepsy surgery candidates. The aim of this study was to determine the credibility of 1 H MRS examination in a group of patients suffering from solitary and sporadic epileptic seizures generated in temporal lobe. We recorded a 100% sensitivity of 1 H MRS in a group of ten patients in terms of detection of a pathological process in the temporal lobe.
Introduction
Brain imaging represents one of the key methods in the diagnostics of epilepsy. It should be noted that these methods may help to clarify the etiology of epileptic seizures and thus may help to identify the etiopathogenetic diagnosis. It is generally known and accepted that every patient must undergo an imaging examination after the first detected epileptic seizure. Magnetic resonance imaging (MRI) of the brain is currently considered to be the method of choice in patients with epilepsy. In comparison to the brain MRI, the computed tomography (CT) of the brain has lower diagnostic value and should therefore be used only in presence of medical contraindication, absence of the MRI scanner or in cases of urgency, if there is a risk of acute brain damage due to a delay (Marušic et al. 2002; Craven et al. 2010) . CT scan and MRI of the brain are often called "anatomical" imaging methods because they depict structural and morphological changes. On the other hand "functional" imaging techniques, such as positron emission tomography, single photon emission computed tomography and functional MRI reflect changes in metabolism, in blood flow during the seizure or between seizures or in the interictal period. "Functional imaging" methods play a significant role in diagnostics of epilepsy. They are important especially in cases where epilepsy surgery is being considered and where the results of other investigative methods have not been sufficient to identify the exact location or lateralization of the epileptogenic area Weiller et al. 2006; Hluštík et al. 2008; Vitikainen et al. 2009 ).
Proton magnetic resonance spectroscopy ( 1 H MRS) represents a metabolic-imaging method. This method provides information on many biochemical and metabolic processes taking place in human brain by measuring in vivo MRI spectra of certain metabolites containing isotopes ( 1 H, 13 C, 31 P). The principle of this investigative method is that the change in concentration of individual metabolites is characteristic for certain pathological processes. In patients with mesiotemporal epilepsy, the reduction of measured values of Nacetylaspartate (NAA) suggests the loss or dysfunction of neurons and higher concentrations of choline (Cho) in the epileptogenic areas are usually attributed to gliosis. In clinical practice 1 H MRS is usually used. The protons, having almost 100% incidence in the human body and having a high magnetic sensitivity, offer the strongest nuclear MRI signal. The basic spectroscopic techniques used in the in vivo 1 H MRS are single voxel spectroscopy (SVS) and spectroscopic imaging, i.e. chemical shift imaging (CSI) . The difference between these two techniques is that the SVS probes a limited amount of tissue, usually 2-8 mL (volume of interest), whereas the CSI measures concentrations of metabolites in a selected brain volume, which is divided into larger number of small volumes of -voxels. MRS has found its role in the diagnosis of several diseases. The aim of the present study was to evaluate the credibility of 1 H MRS examination in a group of 10 patients suffering from solitary and sporadic epileptic seizures generated in temporal lobe.
Material and methods
We performed a prospective cohort study of patients with temporal lobe epilepsy. Clinical manifestation and electroencephalography (EEG) findings of all patients were typical for the temporal lobe epilepsy. Only patients with solitary or sporadic epileptic seizures were included. No predisposing factors for temporal lobe epilepsy were present in the population. In 10 patients aged from 19 to 40 years (5 men and 5 women) with solitary epileptic seizures (3 patients) and with sporadic seizures (7 patients), generated in the temporal lobe, a 1 H MRS examination was performed. The diagnosis of temporal epilepsy in these patients was determined on the basis of a standard diagnostic algorithm. Native EEG was recorded in standard algorithm, recording time was 20 minutes, each patient underwent provocation by hyperventilation and photostimulation, some patients also underwent provocation by sleep deprivation and a long-term 24-hours EEG monitoring after sleep deprivation, respectively. For each patient, CT and MRI hippocampal volumometry were carried out. Single voxel 1 H MRS 1 H MRS in patients with temporal lobe epi-seizures of brain was performed on a 1.5 Tesla Siemens Magnetom scanner using a point resolved spectroscopy (PRESS) technique with an echo TE = 136 ms and a repetition time TR = 1.6 s. The measured volume of brain tissue (volume of interest) had a size of 2 × 2 × 2 cm 3 and was located in the right and left temporal lobe, including also a part of hippocampus.
1 H MRS was subsequently compared with EEG findings and the findings of CT and MRI of the brain. Spectra from both hippocampi were then baseline-corrected and integral intensities of peaks of NAA at 2.01 ppm and those of total creatine (Cr) and choline (Cho) at 3.0-3.2 ppm were obtained using standard product software. A localization of an epileptogenic focus was based on a decrease of the NAA/(Cr+Cho) ratio (Connelly et al. 1994; Cross et al. 1996; Chernov et al. 2009 ).
Results
Some characteristics of a cohort of 10 patients with solitary and sporadic temporal lobe epileptic seizures, in which 1 H MRS was carried out, are shown in Table 1 . In 6 patients, an epileptiform EEG finding was already present in the native interictal EEG. In 4 patients, the epileptiform EEG finding appeared after provocation by sleep deprivation. In 7 patients, EEG findings evoked a suspicion of the epileptogenic focus fronto-temporally bilaterally, with possible one-sided predominance of epileptiform graphoelements in 3 patients, respectively.
CT scan of the brain showed normal findings in 7 patients, in 3 patients only minor abnormalities, such as an asymmetry of the ventricles of the brain were detected. The MRI examination of the brain (including coronary slices on both hippocampus areas) showed normal findings in 3 patients. In 4 cases a possibility of mesial-temporal sclerosis was pronounced (patients 1, 5, 7 and 9), in 3 cases there was an asymmetry of the ventricles of the brain (patients 3, 6 and 10).
1 H MRS in all 10 cases confirmed the localization of epileptogenic focus in the temporal lobe. In particular, there was a full accordance with the EEG findings in 7 cases. In 3 cases of patients with bilateral epileptiform EEG findings 1 H MRS was able to lateralize the pathologic process (patients 6, 7 and 10) based on the NAA/(Cr+Cho) ratio. To illustrate this issue, we present EEG findings (Fig. 1) and 1 H MRS results (Fig. 2) of patient number 4, who has suffered during his life two partial epileptic seizures with secondary generalization into seizures with tonic-clonic convulsions of limbs and had normal findings on CT and MRI examination of the brain.
Discussion
One of the most common diagnoses where the 1 H MRS is applied is epilepsy (Starčuk et al. 2005; Fojtíková et al. 2007; Shih et al. 2011) .
1 H MRS is a very valuable method in patients with drug-resistant temporal lobe epilepsy, where a surgical treatment of epilepsy is considered (Duzel et al. 2004) .
Previous results confirmed that this method can detect hippocampal sclerosis also in patients with normal MRI findings. It also confirmed a lateral correlation with EEG findings, which may allow an operational solution without the use of invasive EEG monitoring (Dezortová et al. 2003) .
The use of the 1 H MRS in extra-temporal epilepsy is much more complicated. The main problem in these cases is that epileptic lesion can be extensive and poorly defined. Patients with extra-temporal epilepsy represent a very diverse group considering the different etiopathogenetic origins of extra-temporal epilepsy.
However, this technique has also some limitations, especially in examination of patients with non-lesional and extra-temporal epilepsy. On the other hand, 1 H MRS may be useful in patients who have extra-temporal focal epilepsy associated with a structural lesion (Starčuk et al., 2005; Fojtíková et al. 2007 ). In recent years 1 H MRS has also been applied in patients who suffered from idiopathic generalized epilepsy (Savic et al. 2004; Fojtíková et al. 2006 Fojtíková et al. , 2007 Doelken et al. 2010) .
The development of imaging techniques in recent years has contributed significantly to clarification of the diagnoses and classification of epileptic syndromes. Functional and metabolic-imaging methods, which are considered optional, are found to be an important part of the diagnostic process for epilepsy surgery candidates, especially in cases where imaging methods along with video EEG monitoring do not determinate the exact localization of epileptogenic focus. There are several works that confirm the significance of 1 H MRS in patients with drug-resistant temporal lobe epilepsy. Some of them show a decrease in only NAA without changes in Cr or Cho, whereas others report an increase in Cr and Cho (Park et al. 2001 ).
We conducted a 1 H MRS in patients with solitary and sporadic epileptic seizures generated from the temporal lobe. In our group of 10 patients we detected 100% sensitivity of 1 H MRS in terms of detection of the pathological process in the temporal lobe.
1 H MRS helped to determine lateralization of the pathological process in the presence of bilateral epileptiform abnormalities on EEG. Maton et al. (2001) described lateralizated 1 H MRS abnormalities in 64% patients with normal interictal EEG finding or with bilaterally present epileptiform EEG activity in temporal areas. In Chang et al. (2000) study, 1 H MRS correctly lateralized the lesion in 72 % cases and it was proven to be a promising diagnostic tool for the diagnostics of temporal lobe epilepsy. Our results were based on data collected from a small set of 10 patients. Based on our experience we believe that 1 H MRS could be a useful paraclinic method not only in patients with refractory epilepsy, but also in patients suffering from solitary or sporadic epileptic seizures generated in the temporal lobe (Chernov et al. 2009; Shih et al. 2011) .
We would like to conclude that even in patients with single or rare epileptic seizures, single-voxel spectroscopic evaluation can reveal unilateral metabolic abnormalities that correspond well to EEG and MRI findings. We are not able to provide definite answer whether asymmetry of hippocampal NAA is a risk factor for development of seizures in a population without clinical manifestations, but 1 H MRS can represent a valuable additional diagnostic method in patients with unclear clinical manifestation as well as in patients with negative or unclear EEG findings.
1 H MRS is not a routine diagnostic examination. Our results point out to a new perspective on the 1 H MRS as a part of standard diagnostic algorithm for solitary and sporadic epileptic seizures originating in the temporal lobe. Our study also indicates special diagnostic benefit of 1 H MRS in cases with conflicting EEG and MRI findings.
